Benzylpyridinium cations readily fragment in the electrospray source by loss of pyridine to give benzyl cations (M -79). The full-scan spectra obtained with some instruments also show, in addition, an m/z (M -38) peak corresponding to the addition of acetonitrile, being present in the solvent mixture, on the benzyl cations. Here we report that the addition reaction can occur in the source region of ES-MS instruments, and in a quadrupole ion trap. The kinetics of acetonitrile addition was monitored in an ion trap, acetonitrile being provided by leakage from the source, through the heated capillary. For benzyl ions with different substituents, the addition kinetics has been found positively correlated with the Brown parameter σ + of the benzyl radical, and therefore with the effective charge density on the α-carbon atom of the benzyl ion. This is consistent with the Langevin or ADO theory of ion-molecule reaction kinetics.
Introduction :
The unimolecular dissociation of benzylpyridinium ions (reaction 1, figure 1) has been already studied by our group for the determination of the internal energy of ions produced by electrospray sources [1] [2] [3] . The extent of fragmentation is correlated with the activation energy (or energy barrier E b ) for dissociation. If it is assumed that the dissociation proceeds via a loose transition state (simple bond cleavage) [5, 6] with no reverse energy barrier (see figure 2 ), E b is assumed to be equal to ΔH f (F + ) + ΔH f (Py) -ΔH f (M + ) [4] . According to the nature and the position of the substituent R, the energy barrier changes: the more electron-withdrawing the substituent, the higher the energy barrier for pyridine loss, and the slower the reaction 1. The electron withdrawing character of the substituent can been quantified in solution by the Hammett σ empirical parameter [7] . In the following we will use the values σ + given by Brown et al. [8] , as these are better suited for positive charge stabilization [9] .
During our investigation of benzylpyridinium fragmentation on different electrospray sources, we were faced with a new "fragment", which turned out to be an acetonitrile adduct on the benzyl fragment. Acetonitrile was used in the solvent mixture. The present article describes these results, and the subsequent study of the addition kinetics in a quadrupole ion trap mass spectrometer.
Experimental :
The first instrument used in this study is a Zabspec-T sector mass spectrometer (Micromass, Manchester, UK). The first mass analyzer (E 1 BE 2 ) was used in all experiments. The mass spectra were acquired using an alpha station under the control of an OPUS 3.1 data system. Ion detection was achieved by using a photon multiplier located after the second electrostatic analyzer (E 2 ). 
Results:
The fragmentation of benzylpyridinium cations (M + ) has been studied by source-CID on the ZabSpec-T. The fragmentation involves the loss of neutral pyridine producing a fragment F + at mass M -79 (see figure 1) . Figure 3 shows the full-scan mass spectra of m-OCH 3 , m-CH 3 , p-CH 3 , and p-OCH 3 -substituted benzylpyridinium cations. Surprisingly, another fragment was also found at M -38. As the carrier solvent was water/acetonitrile (1/1), this "fragment" was attributed Table 1 lists the different substituents of the studied compounds, ranking from the most to the less prone one to acetonitrile addition. The table also summarizes the different results obtained throughout this study, as well as the Brown σ + parameters [8] , available for meta and para substituents.
Apparently, such acetonitrile adducts cannot be observed on all electrospray mass spectrometers:
source-CID of benzylpyridinium in water/acetonitrile (1/1) ions were already performed on a VG Platform and on a PE Sciex API 165 [2] , but no such adducts have ever been observed. On a Bruker Esquire ion trap instrument, small amounts of acetonitrile adducts were observed, only for compound 1 (T. Gougnard, personal communication). On the LCQ instrument, however, adducts could be detected in full scan MS spectra of compounds 1-8. 3 and allowed to remain trapped for different periods (see experimental section for details).
The kinetics of addition of acetonitrile on F + ions was monitored within that time window. We checked that the addition rate constant did not depend on the extent of activation of the parent ion (data not shown). Figure 5 shows the variation of the intensities of F + and Add + for compounds 1-3 as a function of the reaction time in the trap. After 10 s (the maximum time allowed by the instrument), a stationary state is attained for compound 1, and almost attained for compounds 2 and 3.
Initial reaction kinetics were studied for compounds 1-6, assuming that the ratio of the intensities in the spectra was proportional to the ratio of the concentrations in the trap after the given and I(F + ). As acetonitrile is the solvent, its partial pressure could be varied simply by varying the infusion flow rate. The kinetics of acetonitrile adduction on (m-CN)F + was monitored at fixed capillary temperature (140 °C), varying the flow rate from 2 to 8 µl/min ( Figure 7 ). Figure 7 shows that k exp depends linearly on the flow rate. We also investigated the influence of the source heated capillary temperature on the addition kinetics (data not shown), and found that the higher the source capillary temperature, the slower the addition kinetics; the dependence is not linear.
Discussion :

Kinetics of CH 3 CN addition monitored in the trap
The addition reaction 2 is first order in F + (figure 6), and can be considered as first order in acetonitrile: as the dependence of k exp on the flow rate is linear, it can reasonably be supposed increasing the capillary temperature decreases the gas density, but it should be stressed that even at 300 °C and with moderate flow rates, the presence of solvent vapor eventually in the trap is non-negligible. As all the rate measurements in figures 5-6 were performed with the same solvent flow rate and the same capillary temperature, the acetonitrile partial pressure in the trap is the same in all the measurements, and the ratios of the k exp values are equal to the ratios of the bimolecular rate constants k. We see in table 1 that k exp varies according to the substituent, the addition reaction being faster for more electron withdrawing substituents. Figure 8 shows the correlation between (k · [CH 3 CN]) and the Brown σ + parameters [8] . The correlation is not perfect, and this can be explained by the fact that σ + parameters have been tabulated for typical reactions occurring in solution [9] . For example, an inversion between m-CN and p-CN benzyl ions has also been found for the gas-phase ionization potential of the corresponding benzyl radicals [10] . We also see that the position of the substituent is important for the addition reaction kinetics; this shows that F + is the benzyl cation, and not the tropylium ion isomer.
Whether for the dissociation reaction the effect of the substituent is easily explained by the variation of the activation barrier E b , similar arguments cannot be used for the association reaction, as we assume that there is no reverse activation barrier ( figure 2) . If the addition reaction is barrierless, the rate constant only depends on a frequency factor (probability of a favorable event in which F + and CH 3 CN collide with the appropriate geometry). Once the event is realized, the energy corresponding to the formation of the [R-C 6 H 4 CH 2 + ]-[NC-CH 3 ] bond (= E b ) is redistributed on the complex, and the energy in the reaction coordinate drops, "diluted" in the other degrees of freedom, resulting in stabilization of the complex. The (barrierless) collision rate constant is given either by the Langevin [11, 12] or ADO [13] [14] [15] theory, considering the ion as a point charge. The neutral is either a dipole (ADO) or a polarizable molecule (Langevin) .
Both theories result in a rate constant directly proportional to the charge q of the ion [13] . In our case, the benzyl ion can not be considered as a point charge, as the charge is delocalized on the aromatic ring and the substituent. Therefore, the latter strongly influences the effective charge q eff on the α-carbon atom of the benzyl ion. The more electron withdrawing the substituent, the higher the charge density (q eff ) on the benzylic carbon atom, and the higher the collision (association) rate constant.
Observation of acetonitrile adducts in full scan ES-MS
In the case of full-scan ES mass spectra on the LCQ instrument, there is an inherent ambiguity on where reaction 2 occurs. At least part of the amount of adduct detected in full-scan mass spectra is due to acetonitrile addition in the trap, but the injection/ejection process does not take more than tens of milliseconds with the chosen mass range, and the kinetics of addition in the trap is too slow to account for the total adduct intensity (see table 1) observed in the full scan spectra.
Addition must also have occurred in the source (p > 1 torr) or in the transfer octopoles (p > 10 -3 torr). With the Zabspec-T, the situation is even clearer: in order to be detected, the adducts must have been formed before the first electric sector, probably in the sampling cone-skimmer region (rotary pumped) or in the hexapole region (p > 10 -3 mbar). The formation of Add + ions is attributed to the two-step (S N 1-like) mechanism described in figure 1 for two reasons: (1) an S N 2-like mechanism is highly improbable due to the higher gas-phase basicity of pyridine compared to acetonitrile and (2) the constant ratio between I(Add + ) and I(F 
Conclusion :
This study illustrates that the interaction of electrospray-produced desolvated ions with residual solvent vapors in the plume, or more downstream the mass spectrometer, can be of significant importance for the appearance of the mass spectra. Detailed quantitative studies of these reactions in the electrospray source are however difficult due to the absence of control on the time window (imposed by the instrument) and on the partial pressures (due to differential pumping). The quadrupole ion trap is much better suited for the study of ion-molecule reactions with its wide possibilities to vary the sequence of events. In the particular case presented here, the neutral is simply the electrospray solvent, provided by leakage from the source. Improvements have of course still to be made to enable the measurement of the partial pressure and to vary it in a controlable and reproducible manner, but this preliminary study points to a wide variety of applications to the study of solvation reactions by ES-QIT mass spectrometry. 
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